ABSTRACT Recent research suggests that women with polycystic ovary syndrome (PCOS) have a higher risk of asthma. However, the severity of asthma, use of antiasthma medication and effect on fertility have yet to be investigated.
Introduction
Polycystic ovary syndrome (PCOS) is the most common endocrine disorder among women of childbearing age, with a prevalence of 9-18%. Additionally, up to 69% of women with PCOS do not have a formal diagnosis, illustrating the likely existence of a large group of women with undiagnosed PCOS [1] . PCOS is a multifactorial disorder characterised by anovulation, hyperandrogenism, polycystic ovaries, insulin resistance, obesity, infertility, low-grade systemic inflammation and cardiovascular disease [2, 3] .
Asthma is the most common chronic disease among young adults in the industrialised world, affecting more than 300 million individuals worldwide [4] . Asthma affects 6% of women of childbearing age and the prevalence increases with obesity [5, 6] . Asthma is characterised by expiratory airflow limitations with symptoms of wheezing, shortness of breath, chest tightness and cough, with varying symptoms and intensity over time [4] .
As with PCOS, asthma is associated with metabolic syndrome [7] , especially noneosinophilic asthma in obese women [6] , and is also associated with a raised level of systemic inflammation [8] . Moreover, PCOS and asthma are both conditions with a large impact on personal, social and socioeconomic wellbeing, leading to a decreased quality of life [9, 10] .
The association of PCOS and asthma has been investigated in a few studies [11] [12] [13] . Women with PCOS have a significantly higher prevalence of asthma (3% versus 2%), and use significantly more asthma and allergy medicine, than women without PCOS [13] . The higher prevalence of asthma has been found to remain significant even after adjustment for body mass index (BMI) and smoking status [12] . Additionally, women with PCOS and asthma are more often admitted to hospital (10.6% versus 4.5%) due to their asthma and experience a higher prevalence (22.8% versus 14.2%) of respiratory diseases in general [11] . Impaired fertility is seen in both PCOS and asthma, with a prolonged time to pregnancy [14, 15] .
However, little is known with regard to asthma severity among women with PCOS and how asthma affects the fertility of women suffering from PCOS. The aim of the present study was to investigate the prevalence of asthma, use of antiasthma medication and severity of asthma among women with PCOS compared with matched controls, and to explore the association between asthma and fertility among women with PCOS.
Methods

Study design
A case-control cross-sectional registry study was performed, consisting of three female cohorts, with data extracted in September 2017 (figure 1).
Data sources
The data for this study were extracted and merged from the Danish National Patient Register [16] , the Danish In Vitro Fertilisation (IVF) Register [17] , the Danish National Birth Cohort [18] and the Danish national prescription registries [19] . The unique civil registration number of all the women of the three groups was used to cross-link data between the different registries. Follow-up on registry data was from 1994 to 2017 (23 years).
Study population PCOS1 group
The PCOS1 group consisted of 1358 women diagnosed with PCOS according to the Rotterdam criteria [20] . All the women were diagnosed with PCOS by the same specialist in gynaecology and obstetrics at Copenhagen Fertility Center (Copenhagen, Denmark). A second doctor confirmed the PCOS diagnosis through medical reports and blood samples. All the women in the PCOS1 group were referred with and treated for PCOS in private practice. The youngest was born in 2001 and the oldest was born in 1944. 
PCOS2 group
Age
Women aged 15-45 years at the time of data extraction were included (figure 1).
Asthma diagnosis
Subgroups were defined according to the presence of an asthma diagnosis within the two PCOS groups and the control group. An observation period of 365 days was used to map the use of antiasthma medication starting from the date of the first redeemed prescription of medicine from the Anatomical Therapeutic Chemical (ATC) code R03 group (drugs for obstructive airways disease).
The asthma diagnosis was defined as: redeemed two or more prescriptions of drugs with an ATC code from the R03 group during the 365 days of observation [21] and/or at least one of the ICD-10 codes for asthma from the Danish National Patient Register: J45.9 (asthma, unspecified), J45.0 (allergic asthma), J45.1 (nonallergic asthma), J45.8 (mixed asthma) or J46 (acute severe asthma).
Asthma diagnosis was excluded by the presence of one or more of the following: a diagnosis of chronic obstructive pulmonary disease (COPD) (ICD-10: J44), ⩾45 years of age (to exclude possible noncoded COPD patients) and/or the use of medication specific for COPD (roflumilast).
Classification of asthma severity
Asthma severity was classified according to the inhaled corticosteroid (ICS) dose of budesonide (or budesonide equivalent) from the Global Initiative for Asthma (GINA) guidelines [4] . Data were collected from the Danish National Patient Register [22] . GINA steps 1-3 (mild to moderate asthma): ⩽400 µg·day −1 budesonide (or budesonide equivalent) in combination with a long-acting β 2 -agonist (LABA) or short-acting β 2 -agonist (SABA), or monotherapy with ICS, or monotherapy with SABA. GINA steps 4-5 (severe asthma): >400 µg·day −1 budesonide (or budesonide equivalent) and a second controller: LABA, leukotriene antagonist or theophylline and SABA.
Registries
All Danish citizens have a personal identification number (civil registration number) [23] . This identification number enables data collection and cross-linking of all public registries used herein. The number of women receiving IVF cycles was identified using data from the Danish IVF Register [17] . The numbers of live/still births and singleton/twin births were identified using data from the Danish National Birth Cohort [18] . Additionally, information on BMI and smoking status was only available for the women who had a live or still birth (data collected at the eighth week of pregnancy at the first visit to the general practitioner's office). Women who stopped smoking in the first trimester of pregnancy were considered as smokers [24] . The Danish National Patient Register was used to draw information on all redeemed prescriptions in Danish community pharmacies [19] . The information included the quantity, date of redemption, dose and type (ATC code). As all Danish pharmacies are obliged to register all redeemed prescriptions, the Danish National Patient Register includes 97.5% of all redeemed prescriptions and is therefore assumed to be comprehensive [22] .
Ethics
The Danish Data Protection Agency (2016-41-4561 and 03503 BBH-2015-011) approved the cross-linking of data. In Denmark, ethical approval is not required for retrospective registry-based studies.
Statistics
The distribution of characteristics was evaluated by mean and standard deviation (range for age) for continuous explanatory variables, and by frequency and within-group percentage for categorical explanatory variables. The descriptive difference between groups was assessed by the p-value of pooled t-tests for continuous variables with equal variance and the Satterthwaite approximation for continuous variables with unequal variance. For categorical variables, a Chi-squared test was used together with Fisher's exact test in the case of antiasthma medication, because of the low numbers involved. Odds ratios were calculated for the association between asthma (yes/no) and PCOS1/PCOS2 and for asthma and PCOS1/controls and presented with 95% confidence intervals. All p-values were calculated from two-tailed tests ( p⩽0.05 statistically significant). All analyses were performed using SAS statistical software version 9.4 (SAS Institute, Cary, NC, USA).
Results
The study population consisted of 1358 women in the PCOS1 group, 17 123 women in the PCOS2 group and 5340 in the control group (figure 1).
Asthma and PCOS
There were 266 (22.4%) women with asthma in the PCOS1 group, 3154 (21.9%) women with asthma in the PCOS2 group and 786 (16.6%) women with asthma in the control group. Among these asthmatic women, those in the PCOS2 group had a higher BMI and more were smokers than among women with asthma in the PCOS1 group. In contrast, the BMI of women with asthma in the PCOS1 group was higher than women with asthma in the control group, which was comprised of more smokers (table 1) . SABA antiasthma medication use was the highest among the three groups, followed by the use of ICSs. Overall, the use of antiasthma medication was similar between women with asthma in the three groups, although with a higher use of ICSs in the PCOS1 group compared with the PCOS2 group (table 2) .
No difference in the prevalence of asthma was seen between the two PCOS groups. In contrast, a difference in asthma prevalence between the PCOS1 group and the control group was seen (OR 1.45, 95% CI 1.24-1.70) (table 1). Among women with asthma, the severity (GINA steps 1-3 or 4-5) of asthma was the same in the two PCOS groups compared with the control group and so was the mean daily ICS dose. The only difference seen between the groups was a higher use of ICSs in the PCOS1 group in GINA steps 1-3 compared with the control group (table 1) .
Fertility and PCOS
The number of women receiving IVF treatment and the number of menstrual cycles before achieving pregnancy within the PCOS1 group were higher compared with the PCOS2 group and the control group. However, more women in the PCOS2 group had a pregnancy and there was a higher number of children per woman than in the PCOS1 group. Among the controls, a higher number of children per woman and more ectopic pregnancies were seen compared with the PCOS1 group; however, women in the PCOS1 group had more twin pregnancies than women in the control group (table 3) .
Fertility and PCOS and asthma
Women with asthma in the PCOS1 group received more IVF treatments than women in the control group and the PCOS2 group. The PCOS1 group also experienced more live births than the PCOS2 group and had more twins than the control group. No differences were found between the other fertility parameters (table 4) .
Discussion
To the best of our knowledge, this is the first study to investigate the severity of asthma based on the use of antiasthma medication among women with PCOS and the association between asthma and their fertility. Women with PCOS experience more asthma than women without PCOS. Despite the higher prevalence of asthma, severity and antiasthma medication use were the same among women with and without PCOS. In contrast, women with PCOS and asthma received more IVF treatments than women with asthma alone, but the number of children per woman among the three groups was the same. As seen with PCOS and asthma, PCOS alone also affects fertility. Women with PCOS received more IVF treatments and had fewer children per woman than healthy controls. Moreover, women treated for PCOS in private practice (PCOS1) had fewer children per woman than women treated in public hospitals (PCOS2) in spite of more IVF treatments, illustrating a possible difference in the severity of PCOS between these two groups.
Asthma prevalence among women with PCOS Our study is in line with previous studies demonstrating a higher prevalence of asthma among women with PCOS. The prevalence in this study of 22%, with asthma defined by the ICD-10 diagnosis or antiasthma medication use, is among the highest described, whereas a previous Danish registry study demonstrated a prevalence of only 3% when using the ICD-10 codes J44 (COPD) and J45 (asthma) only [13] . Two Australian studies found 10.6% and 15.2% asthma prevalence among women with PCOS, which is similar to our findings [11, 12] .
Asthma severity and antiasthma treatment
In our study, the prevalence of GINA steps 4-5 asthma, at 20-21%, is in line with earlier epidemiological studies showing a prevalence of 21-29% [25, 26] . This indicates that the severity of asthma among women with PCOS is comparable with the general population. However, use of ICSs between the PCOS1 and PCOS2 groups was different. Furthermore, an earlier Danish registry study of men and women found 45.6% of asthma patients were receiving ICSs and 68.1% of asthma patients were receiving SABAs, in contrast to a higher general usage of 56.1% receiving ICSs and 88.2% receiving SABAs in our study population [27] . This may indicate a higher use of antiasthma medicine among young women aged 15-45 years than in the general asthma population.
Fertility and PCOS
In our study, PCOS was associated with impaired fertility, as demonstrated previously [15] . Women with PCOS received more IVF treatments than the controls. Furthermore, PCOS patients treated in private practice (PCOS1 group) had more IVF treatments than those treated at public hospitals (PCOS2 group) (table 3). This may indicate that women treated in private practice have a more severe degree of PCOS with a lower chance of achieving pregnancy naturally. This severity may be illustrated by the higher number of menstrual cycles before achieving pregnancy in this group and the fact that these women have fewer children than women with PCOS treated at public hospitals, in spite of more IVF treatments.
Fertility and asthma and PCOS Asthma has been shown to prolong the time to pregnancy among women undergoing IVF treatment [14] . Nevertheless, women with asthma achieve the same numbers of pregnancies and live births as healthy controls [28] . In our study, women with asthma and PCOS received more IVF treatments than women with asthma alone, illustrating how double disease may lead to an even greater impairment of fertility. Yet, with the use of IVF treatment, women with PCOS and asthma have the same number of children per woman as those with asthma alone (table 4) . Interestingly, the number of spontaneous abortions was the same among women with asthma with and without PCOS; this may indicate how the impaired fertility may be caused by implantation failure or occur even before implantation.
Strength and limitations
The strengths of this registry study lie in the quality of the registries used, which have been validated for health and health-related welfare research [29] . In addition, all data in the registries were obtained prospectively and not based on questionnaires or interviews, eliminating the risk of recall bias.
An additional strength of this study is the selection of patients in the PCOS1 group. They were all evaluated by two doctors and diagnosed by the Rotterdam criteria, thereby minimising the risk of misclassification.
The identification of women with asthma according to redemption of antiasthma medication ensures inclusion of all patients treated in private practice and not only those in public hospitals. However, this also represents a limitation of our study, as the Danish National Patient Register does not show the level of adherence. Thus, there is a risk of overestimating the medication used and, therefore, the severity of asthma.
Lastly, we wished to control the possible confounding of obesity (BMI), as obesity is associated with both asthma [6] and PCOS [7] . This was unfortunately not possible due to the low number of women with BMI data.
Conclusions
A higher prevalence of asthma is seen among women with PCOS. The severity of asthma and antiasthma medication use are the same as for women without PCOS. Women with both PCOS and asthma receive more IVF treatments than women with asthma alone, illustrating a possible additive effect on fertility impairment. However, women with PCOS and asthma end up with the same number of children per woman on average as women with asthma alone.
